ABSTRACT
A
s the nation gets heavier, our livers will get fattier. The prevalence of nonalcoholic fatty liver disease (NAFLD) has been rising in tandem with the rise in obesity ever since the term nonalcoholic steatohepatitis (NASH, a subtype of NAFLD) was coined by Ludwig in 1980 . 1 Yet, despite an explosion of research on NAFLD and gains in understanding its epidemiology and pathogenesis, a number of issues remain unresolved, including how to treat it.
NAFLD IS A SPECTRUM ■
NAFLD is a spectrum. The mildest form is simple fatty liver, or simple steatosis. Next is NASH, or fatty liver with inflammation and evidence of damage to hepatocytes (liver cells). Still more severe is cirrhosis, and in its most extreme form NAFLD can progress to hepatocellular carcinoma or liver failure. The distinction between simple steatosis and NASH is important because their prognoses and management are different.
NAFLD IS COMMON ■ AND LINKED TO OBESITY
NAFLD is the most common cause of elevated liver enzymes and also one of the most common forms of liver disease in the world. It is now estimated to affect about 20% to 30% of people in the United States and other West-ern countries. In contrast, the prevalence of chronic hepatitis C virus infection is estimated at 3% of the world's population. In comparison to the prevalence of NAFLD, the prevalence of NASH is much lower: 2% to 3% in the United States. 2 The incidence of NAFLD is expected to rise further with the increase in obesity in the United States.
NAFLD is even more common in people who are morbidly obese, ie, who have a body mass index greater than 40 kg/m 2 . In a series of studies of morbidly obese patients undergoing bariatric surgery (N = 1,620), the prevalence of hepatic steatosis was 91% (range 85%-98%), and the prevalence of NASH was 37% (range 24%-98%). NASH was not predicted by age or body mass index, but it was more common in men, people with diabetes, and people with insulin resistance. 3 Obesity is also increasing in prevalence in children. Since liver biopsies were not done in most pediatric studies, the pediatric prevalence data are based on elevated aminotransferase levels and on ultrasonographic findings of echogenic livers. The overall prevalence of NAFLD in children is estimated at 3% to 10%, but it may be much higher in obese children. 4 Arun et al 5 found that the prevalence of NASH in morbidly obese men was almost twice as high as in morbidly obese women (60.3% vs 30.9%). In contrast, earlier studies suggested that NAFLD was more prevalent in women. This higher incidence of NASH may also reflect the higher incidence of metabolic syndrome in morbidly obese men (91.4% vs 76.2%).
Less common in African Americans
In the United States, African Americans have consistently been found to have the lowest prevalence of NAFLD. In a California population study of 159 newly diagnosed NAFLD cases, non-Hispanic whites accounted for 45%, followed by Hispanics (28%), Asians (18%), and African Americans (3%). After controlling for the ethnic composition of the entire cohort, Hispanics had the highest rate of NAFLD and African Americans the lowest. 6 In Eastern countries such as Japan, the prevalence of NAFLD is estimated to be about 9.3%. Interestingly, about half of the people with NAFLD in Japan were not overweight. 7 The difference in prevalence of NA-FLD in different ethnic groups may be explained by their different rates of metabolic syndrome (21.6% in African Americans vs 23.8% in whites vs 31.9% in Mexican Americans 8 ) as well as other genetic and environmental factors.
NAFLD IS USUALLY CLINICALLY SILENT ■
NAFLD is usually clinically silent, and its impact has most likely been underestimated. Symptoms, if present, are minimal and nonspecific, such as fatigue and right upper quadrant discomfort. Most findings on physical examination are also normal. Most patients seek care because of an incidental finding of elevated aminotransferase levels or radiographic studies suggesting the liver is fatty. 9 The estimated prevalence of aminotransferase elevations in the general population 10 with about two-thirds of cases unexplained. Of the unexplained cases, most are strongly associated with metabolic syndrome and probably represent underlying NAFLD. 10 Yet aminotransferase levels are typically normal or elevated by less than five times the upper limit of normal (usually < 250 IU/L). 9 In contrast to those with alcoholic hepatitis, most patients with NAFLD have a ratio of aspartate aminotransferase to alanine aminotransferase of less than 1. As the disease progresses, the aspartate aminotransferase level increases more than the alanine aminotransferase level, so if the ratio is more than 1, more advanced liver disease may be suspected.
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Levels of other liver enzymes such as alkaline phosphatase and of acute-phase reactants such as ferritin may also be elevated. Ferritin is believed to reflect hepatic injury, inflammation, or insulin resistance.
A DIAGNOSIS OF EXCLUSION ■

NAFLD remains a diagnosis of exclusion of other liver diseases (TABLE 1, FIGURE 1).
Excessive alcohol consumption must especially be excluded. Most studies defined excessive alcohol consumption as more than 20 to 40 g/day.
2 Recently, this threshold has been lowered to 20 g/day (roughly two drinks) in men and 10 g/day in women.
A history and physical examination should be performed next to exclude potentially reversible and treatable causes of fatty liver disease ("secondary NAFLD").
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Insulin resistance should be estimated, given the close relationship between NAFLD and insulin resistance and the metabolic syndrome. Insulin resistance can be measured accurately in a number of ways. The Homeostasis Model Assessment is an easy method that provides an estimate of insulin resistance based on fasting serum glucose and serum insulin levels. 13 Most cases of unexplained liver enzyme elevations are probably NAFLD
Suspected nonalcoholic fatty liver disease (NAFLD), based on clinical or radiologic findings
Normal
Persistently elevated
Measure liver enzymes
No Yes
Liver biopsy Repeat enzymes in 6 months
Nonalcoholic steatohepatitis (NASH)
Monitor Treat
Treat associated condition
No Yes
Are risk factors present?
Liver enzyme levels remain elevated
Yes No
FIGURE 1
Serologic tests can rule out hepatitis B and hepatitis C. In those with negative results, especially in those with components of the metabolic syndrome or insulin resistance, NAFLD is responsible for most cases of persistently elevated serum liver enzymes.
Imaging tests
Radiographic evaluation is another noninvasive way to diagnose fatty liver. The sensitivity of either ultrasonography or computed tomography for detecting hepatic steatosis is between 93% and 100% when there is more than 33% fat in the hepatic parenchyma.
14 None of the radiographic methods, including magnetic resonance imaging, can accurately differentiate between nonprogressive simple steatosis and NASH, but the technology is advancing. Contrast ultrasonography and magnetic resonance spectroscopy have shown promise and may become useful in the future.
Other noninvasive tests
Ultrasonographic elastrography (FibroScan), a noninvasive way to measure liver stiffness, has also been used in patients with hepatitis C. Although the preliminary data in NAFLD are interesting, additional validation is needed.
Serum biomarkers, including markers of fibrosis (eg, FibroSURE), apoptosis, and adipocytokines have been used to diagnose NASH. The markers of apoptosis are especially interesting but need further validation.
Liver biopsy remains the gold standard
Because we lack a fully validated noninvasive biomarker of NASH, liver biopsy remains the gold standard for diagnosing it. The minimum histologic criteria for establishing the diagnosis of NASH have been debated; most pathologists require at least 5% hepatic steatosis, mixed lobular inflammation, and hepatocellular ballooning.
In a study of 354 liver biopsies of patients with negative results on serologic tests, NASH was found in 34% and fatty liver in 32%. In the same study, the findings on liver biopsy led to alterations in patient management in 18% of cases. 15 Some clinicians doubt the value of liver biopsy in patients with suspected NASH, in view of possible sampling error in the biopsy specimens (the distribution can be patchy, and if the specimen is taken from an unaffected area, the results can be falsely negative) and because there is no established effective therapy for NAFLD. However, liver biopsy is the only test that can accurately establish the diagnosis of NASH and tell us the stage of liver disease, which has important prognostic implications. Most experts agree that liver biopsy should be considered for patients at risk of advanced liver disease, such as those with persistently elevated liver enzyme levels despite intervention to reverse conditions associated with metabolic syndrome.
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PATHOGENESIS: ■ THE MULTIPLE-HIT HYPOTHESIS
NAFLD is closely linked to obesity, insulin resistance, and metabolic syndrome. 13 Insulin allows free fatty esterification and triglyceride fat storage in adipose tissues. When insulin resistance develops, free fatty acids are inappropriately shifted to nonadipose tissues, including the liver. Insulin resistance increases free fatty acid flux to the liver by decreased inhibition of lipolysis and also increased de novo lipogenesis. 17 Insulin resistance and visceral obesity also result in decreased levels of a "protective adipokine," adiponectin. Adiponectin inhibits liver gluconeogenesis and suppresses lipogenesis. Thus, decreased adiponectin hinders fatty acid oxidation and increases fat accumulation in the liver. Other adipocytokines that are important in NAFLD are resistin, leptin, visfatin, tumor necrosis factor alpha, and interleukin 6.
Apoptosis and oxidative stress may also contribute to the development and progression of NASH. In this context, the "multiplehit hypothesis" for the pathogenesis of NASH has become quite popular. 18 An in-depth review of the pathogenesis of NAFLD is beyond the scope of this paper; readers are referred to a recently published review on this subject.
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STEATOSIS IS BENIGN, ■ BUT NASH CAN PROGRESS
Simple steatosis by itself generally has a benign prognosis. In a 1995 cohort study with a median follow-up of 11 years, there was no
Imaging studies cannot distinguish simple steatosis from NASH progression of simple steatosis to NASH or cirrhosis, 20 and recent reviews estimate that only a small portion of patients with simple steatosis develop steatohepatitis. The validity of these data is still being debated.
On the other hand, once patients have progressed to NASH, histologic progression has been noted in about 32% to 41% of patients over a median follow-up of 4.3 to 13.7 years. 21, 22 This would mean that approximately 9% of patients with NASH may develop cirrhosis. 21 People with cirrhosis due to NAFLD are at risk of developing liver-related morbidity and of death. In one of the longest follow-up cohort studies (mean follow-up of 13.7 years), end-stage liver disease developed in 5.4%, and hepatocellular carcinoma developed in about 2%. About 20% of the patients died, with more than 70% of the deaths in patients who had NASH at baseline. The survival rate was lower in patients with NASH, whereas no difference in survival was seen in the group with simple steatosis. 22 A number of studies have assessed independent predictors of advanced fibrosis. Most studies suggest that elevated liver enzymes, metabolic syndrome, or type 2 diabetes is associated with advanced liver disease. Although noninvasive biomarkers of fibrosis have been developed for hepatitis C, to date, a fully validated, noninvasive biomarker of fibrosis for NAFLD does not exist.
As noted, the spectrum of NAFLD also includes hepatocellular carcinoma, and in a series of 105 patients with hepatocellular carcinoma, hepatitis C virus accounted for 51% and cryptogenic liver disease accounted for another 29%. Since cases of cryptogenic cirrhosis in the United States are considered to be "burned out NASH," approximately 13% of patients with hepatocellular carcinoma may have had underlying NAFLD as the cause of their liver disease. 23 These data suggest that, similar to other cirrhotic patients, NAFLD patients with cirrhosis should be screened for hepatocellular carcinoma. 
Dietary evaluation 74
In a retrospective review, high fat intake (48% of calories) was associated with lower odds of hepatic inflammation compared with 26% fat intake (odds ratio 0.13, P = .007)
In an open-label, randomized trial, ALT levels normalized in 56% of the metformin group compared with 22% of controls taking vitamin E or following a prescriptive diet (P = .0006)
28
Rosiglitazone (Avandia) 30 In an open-label, single-arm study, 10 (45%) of 22 patients had resolution of nonalcoholic fatty liver disease on liver biopsy after treatment 29
Vitamins C and E 45
In a randomized, double-blind, placebo-controlled trial, fibrosis scores on liver biopsies improved with vitamins C and E; no changes in ALT or incidence of hepatic inflammation or fibrosis
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Ursodeoxycholic acid 166 In a randomized, double-blind, placebo-controlled trial, no change was seen in steatosis, fibrosis, or aminotransferase levels
Modest weight loss may improve the histologic features of NASH
NO CONSENSUS ON TREATMENT ■
Although many treatments have been used for NASH, there is no consensus (TABLE 2). The typical strategy is to target each component of the metabolic syndrome, including diabetes and hyperlipidemia, usually starting with weight loss and exercise.
Weight loss
Modest weight loss-less than 2 pounds (1 kg) per week-is associated with a decrease in the incidence of metabolic syndrome and can also improve the histologic features of NASH in more than 80% of cases. 24 Loss of as little as 4% to 5% of body weight is also associated with lowering of aminotransferase and fasting insulin levels. 25 The mechanism of benefit is via loss of adipose tissue, which decreases insulin resistance. Weight loss by any means, including bariatric surgery for morbid obesity or use of weightreducing agents, has been correlated with improvement in liver enzyme levels, liver histologic findings, or both. 24, 26 However, the traditional low-calorie, lowfat diet may not be optimal for NAFLD patients. In one study, 27 patients consuming more than 54% of their calories from carbohydrates compared with those consuming less than 35% had an odds ratio of 6.5 for hepatic inflammation. This finding is not surprising in light of prior research in which high carbohydrate intake increased hepatic de novo lipogenesis. On the other hand, there was no association between total caloric or protein intake and hepatic steatosis or fibrosis. Contrary to traditional beliefs, patients with higher fat intake had less inflammation, steatosis, and fibrosis.
Insulin sensitizers
Given that insulin resistance seems to be the main pathophysiologic culprit in NAFLD, two classes of insulin sensitizers have been studied:
Biguanides act mainly by increasing hepatic insulin sensitivity and reversing insulin resistance induced by tumor necrosis factor alpha.
Glitazones improve insulin sensitivity in both diabetic and euglycemic patients by activating the nuclear transcription factor called peroxisome proliferator-activated receptor (PPAR) gamma.
Both biguanides and glitazones have been found to lower liver enzyme levels, decrease insulin resistance, and improve histopathologic findings. However, the effects of glitazones do not persist after the drugs are stopped, and these drugs and are also associated with an average weight gain of 3 to 6 kg. 28, 29 Although these data are encouraging, they are preliminary, and more evidence is needed to establish the safety and efficacy of these drugs in treating patients with NASH.
Antioxidants
Antioxidants such as vitamin E, n-acetyl-lcysteine, s-adenosylmethionine (SAMe), and betaine have been investigated in the treatment of NAFLD.
Vitamin E has been most widely studied. Being fat-soluble, vitamin E can stabilize mitochondrial function and is theorized to inhibit lipid peroxidation and subsequent free radical reactions. Smaller, nonrandomized trials have found that vitamin E improves biochemical markers of liver inflammation. However, in one of the largest randomized controlled trials (with 45 patients), patients taking vitamin E showed improvement in their fibrosis scores but no differences in their necroinflammatory activity or alanine aminotransferase levels. 30 Most studies of antioxidants show at least mild improvement in biochemical or histologic signs of NAFLD.
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SAMe and betaine are important antioxidants. However, most studies of SAMe and betaine have been small and inconclusive.
Two large phase III clinical trials are under way at the National Institute of Diabetes and Digestive and Kidney Diseases. They should clarify the role of these agents in the treatment of NASH. The PIVENS (Pioglitazone vs Vitamin E vs Placebo for the Treatment of Non-Diabetic Patients With Nonalcoholic Steatohepatitis) study has completed enrollment of 240 patients, but the final data are not available. The second study, TONIC (Treatment of Nonalcoholic Fatty Liver Disease in Children) will be one of the largest studies of NAFLD in children; it will be looking at vitamin E, metformin, or placebo over a 2-year follow-up. The TONIC study is still under way, so the final data are not yet available.
Ursodeoxycholic acid, another cytoprotective agent, has traditionally been used for primary biliary cirrhosis, but the data are conflicting on its efficacy in NAFLD. Of note, some bile acids are hepatotoxic and facilitate apoptosis via a Fas ligand-mediated pathway. On the other hand, ursodeoxycholic acid is a hydrophilic bile acid that may act to displace the hepatotoxic hydrophobic endogenous bile acids and potentially has an antiapoptotic and cytoprotective effect in NAFLD. Although liver enzyme levels declined in a few of the studies of ursodeoxycholic acid in patients with NAFLD, a large randomized clinical trial (in 166 patients) did not show any significant difference from placebo in liver enzyme levels or liver histologic findings.
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Lipid-lowering drugs Lipid-lowering drugs target the high levels of triglycerides and low levels of high-density lipoprotein cholesterol that often occur in insulin resistance and metabolic syndrome associated with NAFLD. A few small studies found that aminotransferase levels fell with both statins and gemfibrozil (Lopid). 33 Even if liver enzyme levels are abnormal, most experts believe that statins are relatively safe to use in patients with NAFLD who need cholesterol-lowering agents. Nevertheless, clinical monitoring of these patients for potential hepatic toxicity is recommended.
Other medications
Other medications, such as pentoxifylline (Pentoxil, Trental), probiotics, and angiotensin-converting enzyme inhibitors, have been used in small studies of patients with NASH, with encouraging but inconclusive results. Although a number of pilot studies of agents for treating NAFLD have been proposed, they are small and open-label. With the tremendous recent gains in clinical investigation, functional genomics, and proteomics, it is expected that our understanding of NASH and its treatment will be broadened.
In summary, despite the relatively large number of agents tested for the treatment of NAFLD, most of the data are preliminary. Thus, in 2008, there is no established, evidence-based treatment for patients with NASH.
■
Most experts believe statins are safe in NAFLD patients, with monitoring
